Background
In Ukraine HIV prevalence among pregnant women was 0.8-1.0 % between 2009 and 2013, and over 3500 HIV-positive pregnant women gave birth in 2013 [1] . Initially injecting drug use drove the HIV epidemic in Eastern Europe [2] but the main mode of acquisition shifted to heterosexual transmission in 2008 [1] and 45 % of new HIV infections in 2013 were in women. After the collapse of the Soviet Union, social changes and poor public health provision resulted in an epidemic of sexually transmitted infections (STIs), particularly syphilis. Although syphilis rates subsequently declined, rates of other STIs remain higher in Eastern than Western Europe [3] ; in a study of pregnant HIVpositive women delivering in 1999-2005, those in Ukraine had a 10-fold higher probability of having syphilis, chlamydia or Trichomonas vaginalis than their counterparts in Western Europe [4] .
Prevalence of Herpes simplex virus Type 2 (HSV-2) infection, the leading cause of genital ulcer disease worldwide, is around 17-22 % in adults across Europe and the United States with higher prevalence in HIVpositive individuals (35-40 %) [5] . It is well established that genital ulcer disease caused by HSV-2 increases risk of HIV sexual acquisition [6] . During latency HSV-2 is able to avoid clearance by the immune system, but laboratory tests show specific antibodies and it can cause recurrent activations, which are more common and of longer duration with HIV co-infection [7, 8] . This synergistic relationship between HIV and HSV-2 also results in more frequent subclinical episodes of HSV-2 reactivation in HIV-positive individuals, which seems to be associated with increases in plasma and genital tract HIV viral load [9] .
Mother-to-child-transmission (MTCT) rates of HIV around 0.5 % have now been reported from Western Europe [10, 11] . In Ukraine, the prevention of MTCT (PMTCT) programme has achieved considerable success, with MTCT rates reduced from 15 % in 2001 to 7 % in 2007 and around 4 % in 2010, following introduction of WHO Option B from 2007 [12, 13] (i.e. combined antiretroviral therapy for all HIV-positive pregnant women). Recent national reporting from Ukraine indicated a MTCT rate of 4.3 % in 2012 [1] . Some data suggest an increased risk of HIV MTCT for HSV-2/HIV coinfected women in general [14] or with genital ulcers [15] and a several trials showed decreased HIV RNA levels in plasma or breastmilk after treatment with Valacyclovir [16, 17] .
Our primary aim was to investigate the influence of HSV-2 co-infection on HIV MTCT risk in Ukraine. Secondary aims were to describe the prevalence of HSV-2 antibodies among HIV-infected childbearing women and associated risk factors.
Methods

Study setting and subjects
The European Collaborative Study (ECS) is a consented cohort study of HIV-positive pregnant women and their infants, which has enrolled women at regional HIV/AIDS centres in Ukraine since 2000. Women diagnosed with HIV before or during pregnancy or intrapartum and delivering a live-born infant are eligible. Linked anonymous data on maternal, delivery and infant characteristics are collected on standard questionnaires [13] . Between 2007 and 2012, HIV-positive women were enrolled at five centres (Odessa, Kyiv, Donetsk, Mykolaiv and Krivoy Rog) into a nested postnatal sub-study, normally within 3-6 months of delivery, with the aim of obtaining longitudinal information following delivery. Postnatal women self-reported information on socio-demographic characteristics and health behaviours (including drug use, access to contraception and HIV status of current partner) while clinicians provided clinical information [18] . Ethical approval has been obtained from the Great Ormond Street Hospital for Children NHS Trust/Institute of Child Health Research Ethics Committee (reference 96EB02). We obtained also local approvals from all the participating HIV/AIDS Centres.
The study population for this analysis was 1513 women and their infants enrolled in the Ukraine ECS since 2007, with linked data from the postnatal cohort on maternal HSV-2 serostatus.
Definitions
Injecting drug use (IDU) history was defined as selfreport, clinician's assessment, or neonatal abstinence syndrome in the infant. We used a threshold of HIV RNA <75 copies/ml to define a viral load (VL) as undetectable.
Infants with at least one positive virological marker of infection at any age and/or persistence of antibodies beyond 18 months of age were considered to be HIV-positive, while infants with a negative PCR test result for HIV DNA or RNA and/or negative HIV antibody test were classified as HIV-negative, regardless of age (excluding negative PCR test results on the day of delivery). Infants with conflicting results or without data available were categorised as having an indeterminate HIV status. For multiple births, data on MTCT were based on the first-born infant only unless infection status was discordant between twins/triplets, in which case the infected infant was retained.
Combined antiretroviral therapy (cART) was defined as ≥3 antiretroviral drugs taken simultaneously; 12 women receiving antenatal dual therapy were included in the monotherapy group throughout. Elective caesarean section was defined as before rupture of membranes and onset of labour.
Data analysis
Univariable comparisons were assessed with the chi-square test or Fisher's exact test for categorical variables and the Wilcoxon rank sum test for continuous variables. Poisson regression models with robust variance estimators were fitted to obtain prevalence ratios (PR) and adjusted prevalence ratios (aPR) and 95 % confidence intervals (CI) in analyses investigating factors associated with positive HSV-2 serostatus. Socio-demographic characteristics and co-infections associated with HSV-2 seropositivity in univariable analyses (p <0.1) were included in the multivariable model, with the exception of those which were considered likely to have post-dated HSV-2 seroconversion.
Logistic regression models fitted to investigate the impact of HSV-2 seropositivity on risk of HIV MTCT were adjusted a priori for factors previously found to be associated with HIV MTCT in this cohort (use of antenatal ART, mode of delivery, preterm delivery and IDU history) [13] and time period of delivery (2007-09 vs and centre, which was included as a random effect to account for regional differences in clinical practice and in maternal characteristics. Sub-analyses were conducted to explore the association between HSV-2 seropositivity and HIV MTCT among (a) mother-child pairs with maternal syphilis serology, as positive syphilis serology has previously been associated with HIV MTCT risk in this population [19] ; (b) women who delivered vaginally; (c) women who did not receive antenatal cART.
Statistical analysis was performed using STATA version 12 (Stata Corp LP, College Station USA).
Results
The 1513 HIV-positive women with HSV-2 serostatus available were enrolled into the postnatal cohort a median of 3.9 months (interquartile range (IQR) 1.1-10. HSV-2 seroprevalence was 68 % (1026/1513); for 87 % (1309/1509), the HSV-2 antibody test was conducted during pregnancy, for 6 % (88/1509) prior to conception and 7 % (112/1509) after delivery. Table 1 presents maternal and delivery characteristics stratified by HSV-2 serostatus.
Factors associated with positive HSV-2 seropositivity
The proportion of women with HSV-2 antibodies increased significantly with age, from 57 % of women aged 16-23 years to 71 % of those aged >30 years, with higher parity and history of pregnancy termination also associated with increased probability of positive HSV-2 serostatus (Table 1) (Table 1) . HSV-2 seropositive women were more likely to report their most recent pregnancy as having been unplanned (Table 1 , p = 0.06), but reported better access to family planning than HSV-2 seronegative women at cohort enrolment (Table 1) .
A greater proportion of women with HSV-2 antibodies had been diagnosed with HIV before conception ( planning, because the higher levels of access reported by HSV-2 seropositive women may have been due to treatment-seeking for symptomatic STIs (including genital ulcer disease) or termination of pregnancy and therefore may post-date HSV-2 seroconversion. Chlamydia was also excluded because, as an often transient bacterial infection, it is likely to have been acquired in the period immediately preceding testing and after chronic HSV-2 infection. In the final adjusted model, women with a history of pregnancy termination (vs no history), who reported their partner to be HIV-positive (vs of unknown HIV status) and who had HCV antibodies remained at increased risk of HSV-2 seropositivity (Table 2) . Although IDU history was associated with HSV-2 seropositivity among 1402 women in univariable analysis, this association was not apparent among the 1095 women included in the adjusted model (Table 2) , indicating some bias in the complete-case analysis. However, among 1394 women with both IDU history and HCV serostatus available, the association between HSV-2 antibodies and HCV seropositivity after adjusting for IDU history remained (APR 1.31 95 % CI 1.21-1.42) with no association between HSV-2 antibodies and IDU after adjusting for HCV antibodies (APR 0.95 95 % CI 0.86-1.03), indicating that the observed association between HCV and HSV-2 seropositivity was not explained by factors specific to IDUs (e.g. sexual risk behaviours). Of note, 22 % (249/1119) of women without an IDU history in this population had HCV antibodies vs 79 % (217/275) of those with an IDU history.
Infants and MTCT
Delivery and infant data are presented in Table 3 . Infants of HSV-2 seropositive mothers were more likely to be delivered vaginally and to be of low birthweight than other infants (Table 3) . Almost all (99.4 %, 1497/1506) infants were exclusively formula fed. At the time of analyses, all children were at least 2 years of age (median 4.98 years, IQR 3.76-6.26) and DNA PCR test results were available for 80 % (1216/1513). HIV status was available for 89 and 83 % of infants of HSV-2 seropositive and -negative women respectively (χ 2 = 11.86, p <0.01); 37 infants were HIV-infected, giving an overall HIV MTCT rate of 2.8 % (95 % CI 1.98-3.84) ( Table 3) . There was no evidence that HSV-2 seropositivity was associated with HIV MTCT risk in unadjusted analyses (Tables 3 and 4 , HIV MTCT rate was 3.2 % among HSV-2 seronegative women and 2.6 % among HSV-2 seropositive women, χ 2 = 0.37, p = 0.54). In multivariable analyses, the only factor associated with HIV MTCT was lack of antenatal ART, associated with a three-fold increased risk (Table 4 ). In the first of the three sub-analyses of factors associated with HIV MTCT risk, adjusting additionally for maternal syphilis serology among 1241 mother-child pairs with this available, the AOR for positive versus negative HSV-2 serostatus was 1.39 (95 % CI 0.51-3.80, p = 0.523). In the sub-analysis restricted to the 927 women delivering vaginally the AOR for HSV-2 seropositive vs seronegative was 1.46 (95 % CI 0.40-5.34 p = 0.565) and in the subanalysis restricted to 629 women without antenatal cART, the AOR was also not significantly increased (AOR 1.57, 95 % CI 0.30-8.12, p = 0.590).
Discussion
In this large cohort of HIV-positive pregnant women, we found that two-thirds had antibodies to HSV-2. Almost all women received antenatal ART and around half received cART; the HIV MTCT rate was 2.8 % overall, with no increased risk of MTCT of HIV detected among HSV-2 seropositive women.
Recent global estimates of prevalent HSV-2 in adults aged 15-49 years in 2012 indicated prevalence in females of 14.8 % and in males of 8.0 %; in Europe the estimate was 10 % for women and 4 % for men [20] . High HSV-2 prevalence is reported in women living with HIV, for example, 86 % of HIV-positive pregnant women in a Nairobi study [21] . In a Canadian study of Africa/Caribbean-born women, prevalence of HSV-2 infection was 86 % in HIV-positive and 47 % in HIV-negative women [22] . Thus our finding of a seroprevalence of 68 % is consistent with published estimates.
HSV-2 is a persistent infection and thus prevalence increases with age, as seen here and demonstrated elsewhere. In the global estimates study, prevalence increased from <5 % in 15-19 year olds, to 13 % by age 30-34 and 17 % by age 45-49 [20] . In our adjusted analyses we found that HSV-2 seropositive women were more likely to have a history of pregnancy termination, which may be a marker of greater sexual risk, including lack of or inconsistent use of barrier contraception. In this population, (4) 38 (4) condoms are the main form of contraception [23] which is an ineffective family planning method and of only moderate effectiveness in preventing acquisition of HSV-2 [24] . Other factors associated with significantly greater probability of HSV-2 seropositivity were having a known HIV-positive partner and being co-infected with HCV. The epidemiology of HCV infection in Ukraine is not well understood with over a fifth of non-IDUs in this cohort reported to be HCV seropositive. HCV is more sexually transmissible among HIV-positive individuals [25] and our findings of an association between HCV and HSV-2 seropositivity may indicate shared risk factors for sexual acquisition. However, risk factors for HCV acquisition in this setting may also include iatrogenic exposures, which could have been more common among HSV-2 seropositive women given their greater likelihood of history of pregnancy termination. We did not detect an association between HSV-2 antibodies and increased risk of HIV MTCT; this is in contrast with findings from other studies, which reported an association between HSV-2 antibodies or genital ulcer disease and HIV MTCT [15, 16, 26, 27] . These studies were all conducted more than 10 years ago in populations with much higher background rates of HIV MTCT. Our sample size of 404 HSV-2 seronegative and 916 seropositive mothers and 3.2 % transmission rate in the seronegative group allowed us to rule out a 2.25-fold increased risk of HIV MTCT with HSV-2 antibodies (i.e. a transmission rate of ≥7.2 %), with 80 % power and alpha 0.05. To have detected a 50 % increased risk, as previously reported in the Zimbabwean study [27] , would have required a much larger sample size of around 1850 HSV-2 seronegative and 4200 HSV-2 seropositive women, given the low HIV MTCT rate overall. Therefore, although we did not detect an association between HSV-2 antibodies and increased risk of HIV MTCT, our study did not have sufficient statistical power to rule out the smaller increases in HIV MTCT risk associated with HSV-2 seropositivity found previously, due to the low HIV MTCT rates overall in our study population, almost all of whom received antenatal ART. Although we showed a significant association between MTCT and use of ART, we were unable to explore the association between HSV-2 serostatus and MTCT after adjusting for maternal HIV viral load because of limited viral load testing: of the 37 HIVinfected infants, 23 were born to women with no antenatal HIV RNA measure available and only five mothers of the remaining 14 had a measurement available in the 90 days preceding delivery. The HIV MTCT rate reported here was substantially lower than that observed in the Ukraine ECS overall in the same time period (4.56 %, 95 % CI 4.04-5.13), because our analysis was restricted to a postnatal cohort who generally had better access to PMTCT interventions, reflecting greater engagement with antenatal and HIV care services [13] .
The high prevalence of HSV-2 found in our HIVpositive pregnant women has implications for their infants. Neonatal HSV-2 infection is a serious condition associated with high morbidity and mortality, with antiviral prophylaxis for HSV-2 recommended during pregnancy in women with frequent clinical recurrences. In HIV co-infected women this could have the additional benefit of reducing HIV viral load and/or HIV MTCT risk. However, risk of vertical transmission of HSV-2 is higher in primary infection during pregnancy (around 40 %) compared to recurrent infections (1-3 %) [28] . PCR test results and data on clinical symptoms were not available, and we were therefore unable to make conclusions about the timing of HSV-2 seroconversions here or prevalence of genital ulcer disease during pregnancy, however most HSV-2 seropositive women had been tested during pregnancy (87 %) or pre-conception (6 %). Of HSV-2 seronegative women, 1 in 10 had a recent chlamydia diagnosis, indicating ongoing sexual risk and potential risk of HSV-2 acquisition during pregnancy. Up to 20 % of HSV-2 seronegative women with an HSV-2-infected partner will seroconvert during pregnancy, with highest risk of neonatal infection if this occurs late in pregnancy [29] . Some experts suggest partner testing of pregnant women susceptible to HSV-2 and counselling of those with a positive partner about abstinence and reducing oral-genital contact near term [30] .
As the postnatal cohort enrols women retained in HIV care following delivery, our study population may have had better uptake of sexual and reproductive health services. Our results may therefore not be generalizable to the entire HIV-positive childbearing population in Ukraine; in reality, HSV-2 seroprevalence 
Conclusion
In conclusion, we found a high prevalence of HSV-2 antibodies but no associated increased risk of vertical HIV transmission, in this population with an overall HIV MTCT rate of 2.8 %. High prevalence of recent chlamydia diagnosis indicated ongoing sexual risk, suggesting that HSV-2 seronegative women may benefit from counselling on prevention of HSV-2 acquisition during pregnancy and that clinicians should be alert to the possibility of a primary maternal infection, while HSV-2 seropositive women with clinical symptoms require appropriate obstetric management.
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